Psycho-emotional stress is one of the risk factors for metabolic syndrome and related diseases. Hence, this study has designed to the effect of psycho-emotional stress in the form of immobilization stress in rabbits. In this study, we used 12 male New Zealand White rabbits (2.5 -3 kg body weight), Six animals for hanging fixation and another six as control. Blood samples were taken before hanging (0 minute) and at 60, 120 minutes. Serum was separated and used for the estimation of various biochemical parameters. Hanging fixation appears to produce significant increase in malondialdehyde and lipid profile levels. The non-enzymatic antioxidants like reduced glutathione, vitamin E and ceruloplasmin were found to be decrease and the level of enzymatic antioxidant like glutathione peroxidase was increased significantly. The results reveal that the hanging fixation may develop coronary artery disease. This is the area, which should be evaluated further by carrying out chronic studies in hung stress and by histopathological studies.
INTRODUCTION
Psycho-emotional stress is acting upon a large human population in the entire country due to various metabolic symptoms. It induces strain upon both emotional and physical endurance, which has been considered to be a basic factor in the aetiology of a number of diseases e.g. cardiovascular diseases, cancer, diabetes mellitus, etc. [9] .
As stress related disease like cardio vascular disease and attempt to suicide by hang increases, it is felt necessary to characterize various biological changes caused by stress. Forced immobilization caused in animals by hung them at a height produces both emotional as well as physical stress [3] .
Psycho-emotional stress is one of the most potent stress models in rabbit. It strongly activates both components of the sympathoadrenal system [16] The release of catecholamines has immediate effects on both metabolism and the cardiovascular system. It also produces cell injury in several tissues. Thus, immobilization has been used as a model to induce ulceration in the stomach [4] . Damage to the heart has been demonstrated by the increase of marker enzymes in blood serum [2] . Alterations in mitochondria ultra-structure has been observed in the heart of immobilized animals [14] .
Kovacs [17] have suggested that Immobilization increases Oxidative stress in rodents by stress models, including restraint. Sarov [23] have observed that immobilization along with hanging fixation seemed to be stressful enough to produce changes in glucose, lipid metabolism and MDA le-vels. But they have not recommended hanging fixa-tion for stress modeling, since the precise mechanism of observed homeostatic alterations remained to have been elucidated in further studies.
Hence, the present investigation is undertaken, to evaluate the role of antioxidants and lipid profile in rabbits, induced by immobilized hanging model for few hours and correlate the hanging stress to exert the development of coronary artery disease.
MATERIALS AND METHODS

Experimental protocol
The study was conducted in 12 male New Zealand White rabbits between 2.5 to 3 kg of body weight. The animals were obtained from the SAS-TRA animal house, Thanjavur, Tamil Nadu. They were maintained in controlled temperature (23 ± 3° C) and humidity 60-65 % with 12 h dark and light cycle. Rabbits had free access to sterile water and standard rabbits chow purchased from Tetragon Chemie Pvt. Ltd., Doddaballapur Bangalore. The animals had enough acclimatization for 1 week to laboratory conditions; such rabbits were used for the present investigation.
The chow was removed 6 h before hanging fixation. Six rabbits were fixed in retaining bag and hung with only their head, neck and legs outside the restrainer for 2 h as shown in Figure 1 . Another six rabbits were kept as control group [24] . Blood were collected at minutes 0, (before hanging fixation) 60 and 120 after hanging fixation from both the hung stressed and control groups. Blood samples were allowed to clot at room temperature and serum samples were separated by centrifugation at 1500 rpm for 10 minutes. , serum total cholesterol, high density lipoprotein (HDL), very low density lipoprotein (VLDL) low density lipoprotein (LDL) and triacylglycerol (TGL) were estimated using kits obtained from Randox, Germany.
Statistical analysis
Values mentioned in the Tables were mean ± SD of 6 animals. One-way ANOVA was calculated using SPSS 12.0 for Windows software.
RESULTS
The level of serum TBARS was found to be increased significantly at 60 and 120 minutes (p<0.05, Table 1 ) against 0 minute of hanging fixed rabbits. Likewise lipid hydroperoxide level was also found to be increased at 60 and 120 minutes significantly (p<0.05, Table 1 ) against 0 minute in hanging fixed rabbits. But in both the cases no much significant difference has been observed in the normal rabbits.
The level of non-enzymatic antioxidants like Vitamin E, reduced Glutathione and ceruloplasmin were found to be decreased significantly (p<0.05, Table 2 ) in 60 and 120 minutes sample against 0 minute sample in hanging rabbits. Likewise, the level of enzymatic antioxidant like Glutathione peroxidase was found to be increased at 60 and 120 minutes Table 1 . Level of serum reactive oxygen species before and after hanging fixation of rabbits.
Values are mean ± SD for 6 animals. Values not sharing a common superscript are differ significantly at p<0.05. Table 2 . Level of serum enzymatic and non-enzymatic antioxidants before and after Fixation of rabbits by hung process.
Values are mean ± SD for 6 animals. Values not sharing a common superscript are differ significantly at p<0.05. against 0 minute in hanging rabbits. But significant difference was not observed in both enzymatic and nonenzymatic enzyme level of normal rabbit at any time like 0, 60 and 120 minutes.
The level of lipid profile includes total cholesterol, triacylglycerol, VLDL and LDL level in serum sample of 60 and 120 minutes was found to be increased significantly (p<0.05, Table 3 ) against 0 minute sample in hanging animals. Likewise, HDL level at 60 and 120 minute was found to be decreased in the same sample against 0 minute serum. But no much significant difference in the lipid profile of normal animals was observed at any time.
DISCUSSION
Stressful conditions lead to formation of excessive free radicals, which are a major internal threat to cellular homeostasis of aerobic organisms [30] . Free radicals are formed in human body both in physiological and pathological conditions in cytosol, mitochondria, lysosomes, peroxisomes and plasma membranes [11] . These free radicals are extremely reactive and unstable chemical species, which react with proteins, lipids, carbohydrates and nucleic acids in the body [26] . Exposure of lipids in cell membrane to free radicals stimulates the process of lipid peroxidation [9] . The products of lipid peroxidation are themselves reactive species and lead to extensive membrane, organelles and cellular damage. The free radical activity and the extent of tissue damage are related quantitatively to the amount of lipid peroxide level in the blood [29] . Malondialdehyde (MDA) is one of the end products of lipid peroxidation and extent of lipid peroxidation is measured by estimating MDA levels most frequently.
The findings of this study reveal significant increase in serum MDA levels both at 60 and 120 minutes (p<0.05, Table 1 ) for those rabbits kept in hanging fixation for different duration. Increased MDA levels depict increased lipid peroxidation, which may be because of excessive production of free radicals after getting the hung stress. Increased level of MDA is also reported in other stress models of rabbits like starvation stress and ischaemic limb injury in rabbits [10, 27] .
The increase in MDA is duration dependant. The sharp increase in MDA at 60 minutes may be because of exposure of rabbits to hung stress for the first time. Significantly increase in the levels of MDA (p<0.05, Table 2) might be due to free radical mediated membrane damage.
Experimental in vivo and in vitro studies, as well from epidemiological studies suggest an inverse correlation between severities of oxidative stress induced diseases and levels of antioxidants (12]. Gutteridge [7] has mentioned that catalase and Glutathione peroxidase are considered biologically essential in the reduction of hydrogen peroxide. Glutathione reductase and Glutathione peroxidase are essential for maintaining constant ratio of reduced glutathione to oxidized glutathione in the cell. Significantly decreased glutathione levels (p<0.05, Table 2) in those rats kept in hung position might be due to its increased utilization in protecting -SH group containing proteins from free radicals. Values are mean ± SD for 6 animals. Values not sharing a common superscript are differ significantly at p<0.05.
Glutathione peroxidase level was found to be increase significantly (p<0.05, Table 2 ). In order to protect the tissue injury caused by the free radicals produced during the occasion, liver may release much amount of glutathione peroxidase. Increased level of glutathione peroxidase is also reported in other stress models like heat stress [1] .
Ceruloplasmin is an extracellular antioxidant that can scavenge superoxide radicals [18] and inhibits ferritin dependant lipid peroxidation by catalyzing the oxidative reincorporation of released iron into ferritin. Since ceruloplasmin has both ferroxidase and copper binding capacity, it could have been used more to neutralize the excess amount of free radicals and hence hung rabbits have shown a significantly decrease in ceruloplasmin (p<0.05, Table 2 ).
Ascorbic acid present in aqueous environment has multiple antioxidant properties including the ability to regenerate alpha tocopheryl radicals present at the surface of the membrane [15] . Because of the antioxidant property, these vitamins are utilized for the neutralization of free radicals and lipid peroxidation generated during hung process. This utilization causes the significant decreased level of Vitamins E (p<0.05, Table 2) in hung rabbits.
The lipoprotein fractions are used to predict more of developing coronary artery disease than that of total cholesterol. LDL is well recognized as a risk factor and HDL as a protective factor against atherosclerosis [6]. In addition, it has been shown that HDL/total cholesterol ratio is one of the most powerful pointers about the risk of getting coronary artery disease [24] . HDL/total cholesterol ratio is found to decrease in this study.
Immunocyto-chemical analysis has revealed the presence of protein modified by MDA, which converts LDL, the major carrier of serum cholesterol, to an abnormal form. Receptor-mediated clearance of this altered LDL produces cholesteryl ester deposition over macrophage-derived foam cells of atheromas. These findings are the direct evidence for the existence of protein modification by a physiological product of lipid peroxidation within arterial lesions [8] . Serum samples from hypercholesterolemic rabbits and from several human subjects have been observed to contain antibodies that are found to react with peroxidized LDL, suggesting that peroxidation take place in vivo [8, 20] .
In our present study, predominant increase of serum total cholesterol, LDL, VLDL, triacylglycerol (p<0.05, Table 3 ) and noticable decrease of HDL (p<0.05, Table 3 ) have been recorded.
Swaner [28] have reported that the main cause for hypercholesterolemia during stress may be due to the continued biosynthesis, concomitant with decrease or complete absence in intestinal excretion. Segal [25] has mentioned that VLDL is reported to be increased in different hyperlipoproteinemias (Type II, III, IV and V) and may be a contributing factor in atherosclerosis.
The result supports the hypothesis that cholesterol stored in the lipid droplets of the adipose tissue cells, is released into serum and is the chief source of the hypercholesterolemia, observed during stress. The increase in triacylglycerol levels may be because of release of triacylglycerol from storage sites for the formation of glucocorticoids in response to hung stress.
The hung rabbit establishes a positive correlation among lipid profile and lipid peroxidation. It indicates that increased lipid peroxidation is associated with increased total cholesterol and LDL, the known major risk factors for atherosclerosis and other lipid peroxidation induced diseases. The observed negative correlation of MDA with HDL suggests that increased lipid peroxidation is associated with decreased HDL concentration. Decreased HDL levels may be a contributing factor in atherogenesis. In this study, increased lipid peroxidation, total cholesterol, LDL, VLDL and TGL may enable to predict the increased susceptibility of the animals to atherosclerosis as a result of the stress induced by means of hanging process. The chronic model of fixing the rabbit in the hung process should be carried out to study the effect on myocardial infarction and atherosclerosis and histopathology of heart should be carried out.
CONCLUSION
Fixation by hung means may cause the production of reactive species, release of various enzymatic antioxidants, decrease of non-enzymatic antioxidants and increase of total cholesterol and lipoproteins with decreased HDL. These results reveal that there is more ample chance for the development of coronary artery disease to those rabbits that undergo any chance of getting fixed by hung mode. The development of coronary artery disease should be evaluated by carrying out chronic study and also by histopathology.
